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METHODS AND APPARATUS FOR 
RENDERING OR PREPARING DIGITAL 
OBJECTS OR PORTIONS THEREOF FOR 

SUBSEQUENT PROCESSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
11/210,402, ?ledAug. 24, 2005, now US. Pat. No. 7,619,624 
issued Nov. 17, 2009, Which is a continuation of application 
Ser. No. 09/888,890, ?led Jun. 25, 2001, now US. Pat. No. 
6,937,236, issuedAug. 30, 2005. The disclosure ofeach ofthe 
foregoing documents is incorporated herein in its entirety by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to methods and 

apparatus for rendering digital objects and, more speci?cally, 
to methods for identifying polygons that are back facing 
relative to a reference point and for culling the data of such 
back facing polygons prior to rendering. In particular, the 
methods and apparatus of the present invention decide 
Whether to cull data for a particular polygon after the vertices 
of that polygon have been sorted to facilitate the accelerated 
processing of the polygons. 

2. Background of the Related Art 
As is Well knoWn in the art, computers typically break 

three-dimensional objects doWn into a series of polygons 
(e. g., triangles), Which together make up the outer surfaces of 
the three-dimensional object. The relative positions of each of 
the polygons of a three-dimensional object are typically 
stored and manipulated in digital form, i.e., a series of 0’s and 
1’s that indicates the locations of the polygons relative to one 
another on the three-dimensional object, as Well as the posi 
tions, or locations (i.e., x-, y-, and Z-coordinates), of the 
vertices of each polygon of the three-dimensional object. 
Accordingly, for purposes of this disclosure, the digital form 
of a three-dimensional object is referred to as a “digital 
object.” 

The data for each polygon of a digital object typically 
includes positional data for at least three vertices of the poly 
gon along tWo adjacent edges. If the polygon is a triangle, the 
digital make-up of the triangle includes positional data for all 
three vertices of the triangle. Typically, the positional data for 
the vertices of each polygon of the digital object are arranged 
in the same orientation, or order. For example, the positional 
data for the vertices of all of the polygons of a digital object 
may be ordered around the peripheries of the polygons in a 
clockWise (CW) orientation or in a counterclockWise (CCW) 
orientation. 

In addition to breaking a three-dimensional object doWn to 
data representative of the vertices of a collection of polygons 
having speci?c relative positions, characteristic data (e.g., 
color, shading, texture) for the entire three-dimensional 
object, for a portion thereof, or for each polygon or a small set 
of polygons may also be stored and processed in digital form. 
When vieWed from a speci?c reference point, such as from 

the vieWpoint of a computer user looking at a video monitor 
or from one looking at an image on paper, a digital three 
dimensional object is shoWn in tWo dimensions. Typically, 
only the portions of the digital object that face, or that are 
visible from, the reference point are shoWn. These portions of 
the digital object are the so-called “front facing” polygons of 
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2 
the digital object. This is true both When the digital object is 
in a stationary position and When the digital object is being 
moved or manipulated. 

Polygons of a digital object that do not face the reference 
point are typically referred to as “back facing” polygons. 
Relative to the reference point, the vertices of a back facing 
polygon have an orientation that is opposite the actual orien 
tation of the vertices of that polygon. For example, if a poly 
gon With CW-oriented vertices is back facing, the vertices 
Will appear, from the reference point, to have a CCW orien 
tation. 
As back facing polygons of a digital object do not face a 

reference point, such as a vieWer, back facing polygons are 
typically not displayed to the vieWer. Accordingly, prior to 
rendering each synthesized, or rendered, image (i.e., each 
particular orientation or state), or scene, of the digital object, 
the other, nonvisible, back facing polygons of the digital 
object are typically culled, or eliminated from further pro 
cessing until an image of the digital object has been rendered. 
By culling data for back facing polygons, rendering of an 
image of the digital object Will be accelerated. 

Prior to rendering an image of the digital object, the posi 
tional data for the vertices of a polygon are typically evaluated 
to determine Whether, relative to the reference point of a 
vieWer, the polygon is front facing or back facing. 
Once the polygons of an image or scene of a digital object 

are transformed into the vieWer’s perspective (i.e., a tWo 
dimensional image), the sign (S) of the Z-axis term of the 
cross product, or cross product term (CPT), of tWo edges of 
each transformed polygon Will indicate the orientation of 
vertices of the polygon (e.g., Whether the transformed poly 
gon has a CW or CCW orientation). For example, if the 
vertices of a polygon are oriented CW, the actual, or original, 
sign bit (S0) is a “1.” If the vertices of a polygon are oriented 
CCW, the actual, or original, sign bit (S0) is a “0.” This sign bit 
is then used to compare the (tWo-dimensional) position of 
each polygon in the image to be rendered to its actual, or 
original, orientation on the object (its tWo-dimensional ori 
entation When front facing). If these orientations are not 
equal, the polygon is determined to be a back facing polygon 
and the data is culled from the rendering process. 
An example of a conventional method for back face culling 

includes selecting the vertices, V0, V1, and V2, along tWo 
adj oined edges of each polygon. For purposes of this disclo 
sure, V0, V1 , and V2 refer to the order in Which the positional 
data for the vertices of a polygon are introduced into a ren 
dering application; these designations do not necessarily refer 
to the order in Which vertices are located around the periphery 
of the polygon. The tWo-dimensional x-axis and y-axis posi 
tions of each of the vertices of a polygon of a digital object to 
be displayed or otherWise output are then determined, With 
V0.x, V1 .x, and V2 .x being the respective x-axis positions of 
vertices V0, V1, and V2 and V0.y, V1 .y, and V2.y being the 
respective y-axis positions of vertices V0, V1, and V2. The 
differences betWeen the x-axis and y-axis positions of each of 
the selected vertices are then determined, for example, as 
folloWs: 

YlO:Vl.y—V0.y. 

The CPT for the polygon is then calculated, as folloWs: 
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Assuming that the digital order in Which the positional data 
for the analyzed vertices, V0, V1, and V2, are arranged 
remains unchanged from the order in Which the positional 
data for these vertices Was introduced into the rendering 
application, the sign (S) of the CPT (S:sign(CPT)) is then 
used to determine Whether or not the data for the analyZed 
polygon should be culled prior to rendering. If the actual 
orientation of the vertices of the polygon Was CW (i.e., SOII) 
and SIO, the analyZed polygon is back facing and, accord 
ingly, the positional data for that polygon is culled. Alterna 
tively, if the actual orientation of vertices of the polygon Was 
CCW (i.e., SOIO) and SIO, the positional data for the vertices 
of the polygon is retained for rendering purposes, as the 
polygon is front facing relative to the reference point and the 
polygon Will be shoWn When the digital object is displayed or 
otherWise output. 

In rendering a tWo-dimensional image of a three-dimen 
sional digital object, it is often necessary to sort the vertices of 
each polygon. For example, the positional data for the verti 
ces of a particular polygon of the digital object may be intro 
duced into the rendering application in a particular order, 
Which is then changed, such as in a triangle setup operation, to 
facilitate rendering of the polygon. Accordingly, the posi 
tional data for the various vertices of the polygon may be 
re-ordered, or shuf?ed, Which Will change a CPT that is based 
on the order in Which the positional data for the vertices is 
presented. Thus, While conventional methods for culling back 
facing polygons decrease the amount of time necessary to 
render an image of a digital object, the vertex differences or 
CPTs calculated by these methods cannot be reliably reused 
for subsequent rendering operations, such as polygon char 
acteriZation processes (e.g., determining the coloration, shad 
oWing, or texturing of a polygon). As a consequence, the 
vertex differences or CPTs must be recalculated once sorting 
has occurred. 

Moreover, if the positional data for the vertices of a par 
ticular polygon are sorted prior to determining the vertex 
differences or CPTs, Without having the positional data for 
each vertex tied to an indicator of the position of the vertex on 
the polygon, the sign of a subsequently calculated CPT could 
provide incorrect information about Whether the polygon is 
front facing or back facing. 
No knoWn prior art method or apparatus uses a CPT 

obtained by evaluating sorted vertices that can be used in 
analyZing polygons of a graphic image and determining 
Whether to cull data representative of each analyZed polygon. 
Similarly, no knoWn method or apparatus is used for calcu 
lating a CPT that may be used both in decisions to cull back 
facing polygons of a digital object and in subsequent render 
ing operations. 

SUMMARY OF THE INVENTION 

The present invention includes a method for using sorted 
vertices to make a decision on Whether to cull back facing 
polygons. Apparatus and systems using the method to display 
one or more images of a digital object are also Within the 
scope of the present invention. 
The method of the present invention includes sorting the 

vertices of at least one polygon of a digital object, determin 
ing a CPT for the sorted vertices of the polygon, and deter 
mining Whether or not the sign of the CPT should be reversed, 
or multiplied by —l. 

Methods incorporating teachings of the present invention 
facilitate the use of sorted vertices in calculating the posi 
tional differences betWeen the sorted vertices, as Well as the 
use of sorted vertices in calculating a CPT for the sorted 
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4 
vertices. The sign of the CPT may then be used to determine 
Whether the analyZed polygon is back facing and, if so, to 
indicate a decision to cull data representative of the polygon 
from the process of rendering an image of a digital object of 
Which the back facing polygon is a part. In addition, the 
positional differences and CPT calculated in accordance With 
teachings of the present invention for each analyZed polygon 
may also be used in other operations relating to the processing 
or rendering of that polygon and of a digital image of Which 
that polygon is a part. 
The data for the vertices of each polygon of a digital object 

may be sorted by knoWn processes, such as those employed in 
triangle setup procedures. Once the data is sorted, a CPT for 
the data may be determined, also using knoWn processes. 

Sorted and potentially rearranged vertices are used in 
accordance With the method of the present invention to deter 
mine the positional differences betWeen the selected vertices 
of each analyZed polygon of a digital object, as Well as the 
CPT of the selected vertices. Nonetheless, because the order 
of the selected vertices of each analyZed polygon may have 
been rearranged, the positional differences betWeen adjacent 
ones of the selected vertices of each analyZedpolygon and the 
CPT of each analyZed polygon may not indicate Whether an 
analyZed polygon is a front facing or back facing polygon. 
Rather, the sign of the CPT may indicate that a front facing 
polygon is back facing or that a back facing polygon is front 
facing. The method of the present invention, therefore, 
includes a process Wherein the order into Which the data for 
the vertices of the polygon has been sorted is analyZed to 
determine Whether or not the sign of the CPT should be 
changed, or inverted, prior to making a back face culling 
decision. An exemplary embodiment of this process includes 
computing a decision variable, T, to determine Whether to 
change the sign of the CPT (e.g., from positive to negative or 
from 1 to 0, or from negative to positive or from 0 to 1). 

Since the CPT and the values of the positional differences 
betWeen the vertices of each analyZed polygon are based on 
sorted vertex data, these values may be used in other opera 
tions, such as coloring, shading, and texturing, that are con 
ducted on each front facing polygon prior to rendering an 
image of a digital object. 

Other features and advantages of the present invention Will 
become apparent to those of ordinary skill in the art through 
consideration of the ensuing description, the accompanying 
draWings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings, Which illustrate exemplary embodiments 
of the present invention: 

FIG. 1 is a schematic illustration of a three-dimensional 
digital object, including, from the reference point of a vieW 
er’s perspective, front facing polygons, shoWn in solid lines, 
and back facing polygons, Which are not shoWn; 

FIG. 2 is a How diagram that illustrates the method of the 
present invention; 

FIG. 3 schematically depicts a polygon of the digital object 
illustrated in FIG. 1; and 

FIG. 4 is a schematic representation of a system and appa 
ratus that operate under control of a program incorporating 
methods of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to draWing FIG. 1, a three-dimensional 
digital object 10 is schematically illustrated. At least an outer 
surface 12 of digital object 10 is made up of a plurality of 
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polygons 14, Which are illustrated as being triangles having 
substantially identical dimensions. Each polygon 14 of digi 
tal object 10 includes at least three vertices 16, or comers. The 
numeric data stored for each polygon 14 of digital object 10 
represents the positions of each vertex 16 of polygon 14 in the 
x-, y-, and Z-axes. Data representative of the positions of the 
at least three vertices 16 of all of the polygons 14 that make up 
at least outer surface 12 of digital object 10 are used in various 
processes, including movement or manipulation of digital 
object 10, as Well as in rendering an image of digital object 10. 
A digital object 10 is rendered to display an image of digital 

object 10 to a vieWer, such as on a computer monitor or on a 
printed page. Once the digital object 10 has been manipulated 
or moved relative to a reference point, such as the perspective 
of a vieWer, the digital object 10 must be rerendered to indi 
cate movement thereof to the vieWer. 

In rendering an image of a digital object 10, data regarding 
the orientation of digital object 10 and of the polygons 14 
thereof is evaluated and data representative of the positions of 
the vertices 16 of each polygon 14 of digital object 10 is used 
to “build” an image of digital object 10 as it is to be shoWn to 
a vieWer, such as on a computer monitor or on a printed page. 
The present invention includes methodology for effecting a 
portion of the rendering process, Wherein the vertex 16 data 
for each polygon 14 of an image of digital object 10 is sorted, 
then the data for vertices 16 of polygons 14 that Will not be 
visible from the reference point of a vieWer (e. g., a computer 
user) Will be culled, or omitted, from the rendering process, 
thus consuming less random access memory of a computer 
and speeding up the rendering process. 

Illustrated in draWing FIG. 2 is a How diagram illustrating 
the sorting and back face cull decision-making processes of 
the present invention. 

Illustrated in draWing FIG. 3 is a graphic representation of 
an analyZed polygon 14 of a digital object 10 (see FIG. 1). As 
illustrated, polygon 14 is a triangle and includes three vertices 
16a, 16b, and 160. 

With reference to both draWing FIGS. 2 and 3, prior to 
rendering an image of digital object 10, data for each vertex 
16 of each polygon 14 of digital object 10 are sent to a portion 
of a processor under control of a sorting application, as shoWn 
at reference character 110 of FIG. 2. The order in Which data 
for each of vertices 16a, 16b, 160 of polygon 14 are sent to the 
processor to be sorted may or may not be arbitrary. For 
example, the positional data for each of the vertices of a 
polygon may be organiZed in an order that facilitates a deter 
mination of neW positions of each vertex folloWing move 
ment of the digital object. While the positional data for each 
of the three or more vertices of a polygon is “tied to,” or 
associated With, that polygon, in order to conserve memory, 
the positional data may not be associated With an indicator for 
a position of a vertex on the polygon relative to other vertices 
of the polygon; rather, corresponding x-axis, y-axis, and 
Z-axis data could be associated With a particular vertex based 
merely on the relative bit locations of these data. 

Data representative of the actual CW or CCW orientation 
of vertices 16a, 16b, 160 of all of the polygons 14 of digital 
object 10 may also be sent to the processor, also at reference 
character 110 of draWing FIG. 2. 
As the data for vertices 16a, 16b, 160 may be sent to the 

processor in an arbitrary order, the data representative of the 
positions of vertices 16a, 16b, 160 are then sorted, or orga 
niZed or ordered, as indicated at reference character 112 of 
draWing FIG. 2, in a manner that facilitates further processing 
and use of data representative of the positions of vertices 16a, 
16b, 16c and other values based thereon in rendering of an 
image of digital object 10. 
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6 
For example, in triangle setup, the coordinates of vertices 

16a, 16b, 160 are rasteriZed so the locations of the lines that 
de?ne edges 18a, 18b, 180 of each polygon 14 of digital 
object 10 may be determined and front facing polygons 14 
may be rendered. RasteriZation could proceed in any order 
(e.g., horiZontally from top to bottom or from bottom to top, 
or vertically from left to right or from right to left). Accord 
ingly, the order of the vertices 16a, 16b, 160 is determined 
based on the order of rasteriZation. To compute the lines, or 
polygon edges 18a, 18b, 180, between vertices 16a, 16b, 160 
of polygon 14, the relative positions of vertices 16a, 16b, 160 
must be determined and the order in Which positional data 
representative of each vertex 16 is processed may be changed, 
depending on the order of rasteriZation. As an example of the 
manner in Which vertices 16 may be organiZed, the folloWing 
series of equations may be used: 

If ((V2.y == V0.y) AND (v2.X <V0.X)) SORT[2] = 1 
Else if (V2.y < V0.y) SORT[2] = 1 
Else SORT[2] = 0 
If ((V1.y == V2.y) AND (V1.x <V2.X)) SORT[1] = 1 
Else if (V1.y <V2.y) SORT[1] =1 
Else SORT[1] = 0 

If ((V1.y == V0.y) AND (V1.x <V0.X)) SORT[0] = 1 
Else if (V1.y < V0.y) SORT[0] = 1 
Else SORT[0] = 0 

This series of equations arranges the positional data for ver 
tices 16 of polygon 14 in order of their relative vertical posi 
tions. If tWo vertices 16 have the same vertical orientation, 
these tWo vertices 16 are then organized according to the 
relative horiZontal positions. 
As the CPT for a particularpolygon 14 of a digital object 10 

or the sign of the CPT may depend on the order in Which the 
positional data for each ofvertices 16a, 16b, 16c ofpolygon 
14 is introduced into a processor, sorting of the vertex data 
may change one or both of the CPT and the sign thereof. As a 
consequence, a CPT that is calculated before positional data 
for vertices 16 of polygon 14 is sorted may not be useful in 
processes that folloW a back face culling decision. 
Once sorting has occurred, or concurrently With sorting the 

vertices 16 of an analyZed polygon 14 of a digital object, as 
depicted at reference character 114 of draWing FIG. 2, an 
orientation decision variable may be computed (e.g., by the 
processor) to provide information about Whether or not the 
sign of a CPT for an analyZed polygon 14, Which has yet to be 
calculated until after the positional data for vertices 16 of 
analyZed polygon 14 has been sorted, Will accurately indicate 
the orientation of vertices 16 of analyZed polygon 14. If the 
orientation decision variable indicates that the sign of the 
CPT Will not accurately indicate the orientation of vertices 16 
of analyZed polygon 14, the orientation decision variable for 
polygon 14, Which is to be subsequently used in a back face 
culling decision to denote that the apparent orientation of 
vertices 16 of analyZedpolygon 14, as indicated by the sign of 
the CPT, is opposite the actual orientation of vertices 16 of 
polygon 14 When vieWed from a particular reference point R. 
Accordingly, the orientation decision variable indicates that 
the actual orientation of vertices 16 of polygon 14 is inverted 
from the apparent orientation of vertices 16, as indicated by 
the sign of the CPT. 
As evidenced in the exemplary set of equations provided 

above, the orientation decision variable may be a three-bit 
variable that is determined substantially concurrently With 
sorting of the positional data for each vertex 16 of a polygon 
14. By Way of example, the folloWing table illustrates, for 
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each sort indication variable, the order in Which vertices 1 6 of 
polygon 14 have been sorted (from sort step 2 to sort step 0, or 
[2:0]), relative to the presorting orientation, as Well as the 
corresponding one bit orientation decision variable (T): 

SORT [2:0] Relative Vertex Order T 

000 V0, V2, V1 1 
001 N/A N/A 
010 V0, V1,V2 
011 V1,V0, V2 1 
100 V2, V0, V1 0 
101 V2, V0, V1 
110 N/A N/A 
111 V1,V2, V0 0 

Based on the sorted vertices, a CPT may be calculated (e.g., 
by the processor), as indicated at reference character 116 of 
drawing FIG. 2. The sign of the CPT, Which is determined 
(e.g., by the processor), as knoWn in the art, at reference 
character 118 of drawing FIG. 2, along With the orientation 
decision variable, may then be used in a back face culling 
decision (e.g., by the processor), as depicted at reference 
character 120 of draWing FIG. 2, to determine Whether the 
orientation of an analyZed polygon 14 has changed from its 
actual orientation. For example, if vertices 16 on each poly 
gon 14 of a digital object 10 are actually oriented CW, the sign 
of the CPT indicates a CCW orientation, and the decision 
variable (e.g., a “1”) indicates that sorting has sWitched the 
sign of the CPT, the data for an analyZed polygon 14 Will be 
used in rendering an image With that polygon 14 displayed. 
Alternatively, if, for a polygon 14 that is actually CW-ori 
ented, the sign of the CPT indicates a CCW orientation and 
the decision variable (e. g., a “0”) indicates that sorting has not 
altered the sign of the CPT, the sign of the CPT and the 
orientation decision variable together indicate that an ana 
lyZed polygon 14 is a back facing polygon and the data for 
polygon 14 is, therefore, culled. 
A CPT that has been calculated folloWing sorting of the 

data may also be used in processing that folloWs a sorting 
operation such as triangle setup but that must occur before the 
digital object is rendered. For example, but not to limit the 
scope of the present invention, a CPT that is calculated after 
sorting of the positional data for the vertices of a polygon may 
be used, as knoWn in the art, to process various characteristic 
parameters of the polygon, such as the shadoWing, color, or 
texture of the polygon, based on the position of the polygon 
on the digital object relative to a speci?c reference point R. 

Accordingly, methods incorporating teachings of the 
present invention facilitate the faster processing of polygon 
data, as Well as a reduction in the amount of memory required 
to process the polygon data. 
As the method of the present invention is particularly use 

ful When embodied as a set of instructions to control various 
decisions made by logic circuits of a computer processor, the 
present invention also includes apparatus and systems that 
process and display one or more images of digital object 10 or 
a portion thereof in accordance With teachings of the present 
invention. Illustrated in draWing FIG. 4 is an exemplary 
embodiment of such a system 200 and its component appa 
ratus. For example, a system 200 incorporating teachings of 
the present invention may include a computer 210 With a 
processor 212 and memory 214 associated thereWith, as Well 
as hardWare and programming con?gured to output one or 
more full or partial images of a digital object 10 to an appa 
ratus that facilitates vieWing of the image by a user, such as a 
monitor 216 or a printer 218. 
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8 
Various logic circuits of processor 212 may be con?gured 

or programmed, such as by a back face culling application, to 
perform certain tasks in accordance With the inventive 
method. For example, a ?rst logic circuit of processor 212 
may sort data representative of at least three vertices 16 
(FIGS. 1 and 3) ofat least one polygon 14 (FIGS. 1 and 3) of 
digital object 10 (FIG. 1), a second logic circuit of processor 
212 may be con?gured to generate an orientation decision 
variable based on relative positions of vertices 16, and a third 
logic circuit of processor 212 may calculate a CPT of vertices 
16 folloWing sorting thereof by the ?rst logic circuit. The ?rst 
and second logic circuits of processor 212 may operate sub 
stantially concurrently, or at different times. When under 
control of a program that effects the method of the present 
invention, processor 212 may also include a fourth logic 
circuit that determines a sign of the CPT. Processor 212 may 
also include a ?fth logic circuit that determines an orientation 
of one or more polygons 14 of digital object 10 based on the 
sign of the CPT and the orientation decision variable. The 
?fth logic circuit may also decide Whether to cull data of 
vertices 16 based on the orientation of the corresponding 
polygon 14. 

These logic circuits may comprise completely separate 
circuits of processor 212, or any combination of these logic 
circuits may be partially combined. 

Although the foregoing description contains many specif 
ics, these should not be construed as limiting the scope of the 
present invention, but merely as providing illustrations of 
some of the presently preferred embodiments. Similarly, 
other embodiments of the invention may be devised Which do 
not depart from the spirit or scope of the present invention. 
Moreover, features from different embodiments of the inven 
tion may be employed in combination. The scope of the 
invention is, therefore, indicated and limited only by the 
appended claims and their legal equivalents, rather than by 
the foregoing description. All additions, deletions, and modi 
?cations to the invention, as disclosed herein, Which fall 
Within the meaning and scope of the claims are to be 
embraced thereby. 

What is claimed is: 
1. A method, comprising: 
storing data representative of polygons of a digital object in 

a memory of a computing system; sorting at least three 
vertices of at least one polygon based on relative posi 
tions of the at least three vertices along at least one axis; 

calculating a cross product term of the at least one polygon 
after the sorting; generating an orientation decision vari 
able based on the relative positions of the at least three 
vertices; 

evaluating a sign of the cross product term relative to the 
orientation decision variable; and culling at least some 
of the data representative of the polygons from the 
memory responsive to the evaluating. 

2. The method of claim 1, Wherein the sorting at least three 
vertices of at least one polygon further comprises sorting the 
at least three vertices along at least one additional axis. 

3. The method of claim 1, Wherein the evaluating com 
prises determining a back facing orientation or a front facing 
orientation of the at least one polygon. 

4. The method of claim 1, further comprising changing the 
sign of the cross product term if the sign does not correspond 
to the orientation of the at least one polygon. 

5. The method of claim 1, Wherein the sorting and the 
generating are effected concurrently. 
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6. A method, comprising: 
sorting data representative of one or more polygons of a 

digital object based on relative positions of at least three 
vertices of the one or more polygons along at least one 

axis; 
calculating a cross product term of the one or more poly 

gons after sorting the data; 
generating an orientation decision variable for the one or 
more polygons based on a relative order of the at least 

three vertices; 
evaluating a sign of the cross product term for the one or 
more polygons relative to the orientation decision vari 
able; and 

rendering an image of at least a portion of the digital object 
on an apparatus for vieWing the digital object. 

7. The method of claim 6, Wherein the sorting the data is 
based on relative vertical positions of the at least three verti 
ces. 

8. The method of claim 6, Wherein the sorting the data 
further comprises sorting along at least one additional axis 
orthogonal to the at least one axis. 

9. The method of claim 6, Wherein the calculating includes 
determining positional differences betWeen adjacent vertices 
of the one or more polygons after the sorting the data. 

10. The method of claim 6, further comprising using at 
least one of the cross product term and values of positional 
differences betWeen the at least three vertices in at least one of 
a coloring process, a shading process, and a texturing process 
for the one or more polygons. 

11. A system, comprising: 
a memory for storing computing instructions; and 
a processor operably coupled to the memory and con?g 

ured to execute the computing instructions for each 
polygon of a plurality if polygons representing a digital 
object, to: 
sort at least three vertices of the polygon based on rela 

tive positions of the at least three vertices along at 
least one axis; 

calculate a cross product term of the polygon after the 
sorting; 

generate an orientation decision variable based on the 
relative positions of the at least three vertices; and 

determine if the polygon is back facing responsive to a 
comparison of the orientation decision variable to a 
sign of the cross product term. 

12. The system of claim 11, further comprising a display 
apparatus operably coupled to the processor and Wherein the 
processor is further con?gured to execute the computing 
instructions to: 

cull from the digital object each polygon of the plurality of 
polygons that is back facing; and after the culling, render 
an image of at least a portion of the digital object on the 
display apparatus. 

13. The system of claim 11, Wherein the processor is fur 
ther con?gured to execute the computing instructions to fur 
ther process each polygon of the plurality of polygons With 
one or more of shadoWing, coloring, and texturing. 
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14. An electronic system, comprising: 
means for sorting vertex data representative of at least one 

polygon of a digital object based on relative positions of 
at least three vertices along at least one axis; 

means for generating an orientation decision variable 
based on the relative positions of the at least three ver 
tices; 

means for determining a sign of a cross product term of the 
at least one polygon after operation of the means for 
sorting; and 

means for comparing the sign of the cross product term and 
the orientation decision variable. 

15. The electronic system of claim 14, Wherein the means 
for comparing comprises means for determining a back fac 
ing orientation or a front facing orientation of the at least one 
polygon. 

16. The electronic system of claim 15, further comprising 
means for changing the sign of the cross product term if the 
sign does not correspond to the orientation of the at least one 
polygon. 

17. The electronic system of claim 14, Wherein the means 
for evaluating comprises means for comparing the sign of the 
cross product term, as modi?ed With the orientation decision 
variable, to determine an actual orientation of the at least one 
polygon. 

18. The electronic system of claim 14, Wherein the means 
for evaluating the sign of the cross product term and the 
orientation decision variable comprises means for determin 
ing Whether to cull the data prior to rendering an image of at 
least a portion of the digital object. 

19. The electronic system of claim 14, Wherein the means 
for sorting and the means for generating operate concurrently. 

20. The electronic system of claim 14, further comprising 
means for effecting at least one of a coloring process, a 
shading process, and a texturing process that employs at least 
one of the cross product term and values of the positional 
differences betWeen the at least three vertices. 

21. A computer-readable medium having stored thereon 
computer-executable instructions, Which When executed on a 
computer, cause the computer to: 

sort data representative of one or more polygons compris 
ing at least three vertices the of a digital object based on 
relative positions of the at least three vertices along at 
least one axis; 

calculate a sign of a cross product term of the at least one 
polygon after the sorting; generate an orientation deci 
sion variable based on the relative positions of the at 
least three vertices; and 

evaluating the sign of the cross product term relative to the 
orientation decision variable. 

22. The computer-readable medium of claim 21, Wherein 
the computer executable instructions executed on a computer, 
further cause the computer to: 

determine if each of the one or more polygons is back 
facing responsive to the evaluating; cull from the digital 
object the back facing polygons; and 

after the culling, rendering an image of at least a portion of 
the digital object on a display apparatus. 

* * * * * 


